D
espite the considerable advances in medicine, acute cerebral ischemia still produces a high fatality rate. 1 IV administration of tPA within 3 hours from the onset of ictus significantly reduces stroke severity and improves long-term clinical outcome. 2 Treatment guidelines concerning IV-tPA prohibit the use of other thrombolytics 24 hours after tPA administration. 3, 4 However, IV-tPA is thought to be ineffective for the treatment of patients with occlusion of larger vessels, and a significant proportion of patients treated with IV-tPA show persistent cerebral vascular occlusion. Their prognosis depends on good fortune rather than therapeutic intervention. [5] [6] [7] Several studies have demonstrated that IA delivery of thrombolytic agents allows greater diagnostic precision and effective recanalization of the occluded cerebral vessel, with lessened stroke severity and improved outcome instead of complication risks. [5] [6] [7] [8] [9] When possible, some studies performed combined IV/IA treatment, which is the concept of combining the advantages of IV-tPA (speed of and certainty of initiation of therapy as well as widespread availability) and IA recanalization therapy (titrated dosing, mechanical aids to recanalization, and possible superior and earlier recanalization). [10] [11] [12] [13] Although the results of IA or combined thrombolytic trials or both are encouraging, severe complications from treatment must be balanced against potential benefits. 14 A recent study described the efficacy of using IV and/or IA thrombolysis tailored to the physiologic state of individual tissue and stratification of patients according to the potential risks of the therapies. 15 The role of neuroimaging has become increasingly important in evaluating the extent and location of tissue at risk of infarction (ischemic penumbra) and to distinguish the vulnerable tissue from unsalvageable infarcted tissue or doomed hemorrhagic parenchyma. 1, [14] [15] [16] [17] Nonenhanced CT of the brain is still the diagnostic standard for patients with acute cerebral ischemia, but advancements in neuroimaging techniques, especially DWI/PWI mismatch after MR imaging, may be exploitable. 1, [14] [15] [16] [17] [18] [19] [20] [21] In this study, patients with acute cerebral ischemia were treated with IV-tPA when they presented within 3 hours from the onset of symptoms. Immediately thereafter, acute stroke MR imaging was conducted and additional IA thrombolytic therapy (thrombolytic agents combined with mechanical intervention) was used for those patients who were not eligible for IV-tPA or who presented with continuous major vessel occlusion after IV-tPA. We analyzed the hemorrhagic complication rates of additional IA thrombolytic therapy with the use or omission of IV-tPA and correlations between the clinical outcomes and DWI/PWI mismatch after MR imaging in the acute setting.
Materials and Methods
The treatment protocol (Fig 1) was approved by our institutional review board. All patients or their representatives signed informed written consent and were made aware that they were receiving an additional nonstandard therapy after IV-tPA therapy.
Patient Selection and Neurologic Evaluation
Between October 2004 and September 2008, 63 patients who had undertaken additional IA thrombolytic therapy due to anterior circulation major cerebral infarction were analyzed retrospectively. Demographic information, patient age, sex, radiologic findings, and clinical status are presented in On-line Table 1 . The patients were divided into 2 groups. The tPA group comprised 29 patients who arrived at the hospital within 3 hours after symptom onset and who appropriately received IV-tPA. They had additional IA thrombolytic therapy for the major vessel occlusion even after IV-tPA. The non-tPA group consisted of 34 patients who arrived at the hospital 3-6 hours after symptom onset and who received only IA thrombolytic therapy without IV-tPA. Patients with exclusion criteria for IV-tPA were not treated with IA thrombolytic therapy. Treatment results were compared in terms of recanalization rate, clinical outcome, mortality, and clinically significant ICH. The 2 groups were subdivided according to the DWI/PWI match (DWI/PWI Յ 0.7) or mismatch (DWI/PWI Ͼ 0.7) based on MR imaging examination. These subgroup analyses compared the recanalization rate, favorable clinical outcome, mortality, and significant ICH between DWI/PWI mismatch in the tPA group (n ϭ 23) and DWI/PWI mismatch in the non-tPA group (n ϭ 24).
All patients underwent CT of the brain immediately after arrival at the emergency department. Patients with NIHSS scores Ͼ8, 18 -75 years of age, with no clinical improvement at the time of evaluation, were included in IV-tPA therapy following NINDS protocol.
2 Patients meeting the inclusion criteria received IV-tPA (0.9 mg/Kg, initial 10% bolus infusion with the remainder infused during the next 60 minutes 2 ). Patients who arrived 3-6 hours following symptom onset received only IA thrombolytic therapy. Initial neurologic status was measured by NIHSS scores at the time of arrival. mRS scores were measured 90 days after the onset of ischemia; scores of 0 -1 were considered a favorable outcome. An examiner blinded to the treatment recorded the scores. Overall mortality and complication rates were also recorded.
Neuroradiologic Evaluations
The neuroradiologic results were analyzed retrospectively by the neuroradiologist who had not performed the IA thrombolysis procedures. Immediately on completion of IV-tPA, an acute stroke MR imaging was performed, or in the cases in which no IV-tPA was administered, acute stroke MR imaging was performed following completion of the initial brain CT scan obtained by using a Somatom Sensation 16 scanner (Siemens, Malvern, Pennsylvania). The examinations used a clinical 1.5T whole-body imager with a 24-mT/m gradient strength, a 300-s rise, and an echo-planar-capable receiver (Avanto; Siemens, Erlangen, Germany). Obtained images included T1-weighted sagittal scans, T2-weighted turbo-gradient and spinecho/echo-planar diffusion-weighted axial images, and perfusionweighted axial time-to-peak maps. Both DWI and PWI techniques have been described elsewhere. 6, 16 The total imaging and processing time was approximately 30 minutes. DWI data were automatically postprocessed to yield trace images from primary data at each section position. The PWI sequence generated a time-to-peak map for each section position. Areas of high signal intensity on DWIs and areas of decreased perfusion on time-to-peak maps for PWIs were used to calculate the mismatch ratio. 1, 14, 16, 22 After IA thrombolytic therapy, all patients underwent brain CT scanning immediately and again within 2 days. Non-contrast-enhanced brain CT was performed after IA thrombolytic therapy, and recheck brain CT angiography was performed within 2 days. Increased attenuation on both follow-up CT scans could reflect extravasation of the contrast media, hemorrhage, or both. 23 "Symptomatic ICH" was defined as neurologic worsening of Ͼ4 points in the NIHSS score that was attributable to the presence of clot. 6 "Reperfusion injury" was defined as massive brain swelling or hemorrhage while the occluded vessel was recanalized.
IA Thrombolysis
If there was major vessel occlusion on MR imaging of acute stroke, cerebral angiography and additional IA thrombolytic therapy (combined thrombolytics with mechanical intervention) were tried. Angiograms were obtained by using standard angiographic techniques. A 6F sheath was generally introduced into the right femoral artery. Diagnostic angiograms were obtained in all intracranial vessels by using 5F diagnostic catheters. Once an occlusion was noted, the diagnostic catheter was exchanged for a 6F guiding catheter, which was placed into the ICA. A 2.3F end-hole microcatheter was typically used and guided to the occluded vessel over a microguidewire. The tip of the microcatheter was typically embedded in the thrombus. Thrombolytic agents usually were infused through a microinjection pump. Urokinase and abciximab (ReoPro) (GP IIb/IIIa antagonist) were the thrombolytics of choice. The initial dose of urokinase was 200,000 U (diluted with 10,000 U/mL of saline) administered close to the clot for 10 minutes. Repeated doses were administered until the planned doses (urokinase, 500,000 U, and ReoPro, 10 mg) were achieved. In all instances, mechanical disruption was also attempted. Heparin was used with a bolus dose of 3000 U at the beginning of the angiography. The end point for thrombolytic infusions was complete recanalization or attainment of the maximum planned dose. Recanalization was considered failed (TIMI grade 0 or 1) or successful (TIMI grade 2 or 3). In some cases, delayed recanalization occurred; presently, it is defined as "failed." A follow-up nonenhanced CT scan was obtained just after IA thrombolytic therapy, and a CT angiography was performed within 2 days after the treatment.
Additional Surgical Intervention
Decompressive craniectomy was performed in case of increased intracranial pressure due to massive brain edema or ICH, with the following indications: midline shift of Ͼ6 mm with effaced cortical sulci and cisternal structures, with neurologic deterioration (Ͼ2-point worsening of GCS or Ͻ8 points of GCS).
24

Statistical Analyses
All data are presented as the mean Ϯ SD or as the median. A Wilcoxon signed rank sum test was used to analyze NIHSS scores. Comparisons among groups were computed by using the unpaired t test and Fisher exact test. Statistical significance was defined as a P value Յ .05.
Results
Comparison of tPA and Non-tPA Groups
Recanalization rate and mortality between the tPA (79.3% and 3.45%, respectively) and non-tPA groups (55.9% and 11.8%, respectively) showed no statistical differences ( 2 test, P Ͼ .05) (On-line Table 1 ). Favorable clinical outcomes based on the mRS score were obtained in 34.5% of the tPA group and 44.1% of the non-tPA group ( 2 test, P Ͼ .05). Significant ICH occurred in 6 patients (20.7%) in the tPA group and in 4 patients (11.8%) in the non-tPA group ( 2 test, P Ͼ .05). In subgroups, the analysis showed that significant ICH occurred in 17.4% of the mismatch tPA group but in 0% of the mismatch non-tPA group 2 test, P Ͻ .05).
Comparison of the DWI/PWI Match and Mismatch Groups
Analysis according to the DWI/PWI ratio regardless of IV-tPA administration revealed a recanalization rate and favorable outcome of 50.0% and 6.3%, respectively, in the match group and 72.3% and 53.2%, respectively, in the mismatch group ( 2 test, P Ͻ .05). The mortality and significant hemorrhagic complication rate were 31.3% and 37.5%, respectively, in the match group and 0% and 8.5%, respectively, in the mismatch group ( 2 test, P Ͻ .05) (On-line Table 1 ). The match group showed a higher incidence of significant hemorrhagic complication rate and mortality than the mismatch group.
Comparison of DWI/PWI Mismatch tPA and Non-tPA Groups
Comparison of the DWI/PWI mismatch tPA and non-tPA groups showed similar results in recanalization rate, favorable clinical outcome, and mortality (78.3%, 43.5%, and 0%, respectively for the tPA group versus 66.7%, 58.3%, and 0%, respectively, for the non-tPA group). However, a significant hemorrhagic complication rate was more frequent in the mismatch tPA than in the mismatch non-tPA group ( 2 test, P Ͻ .05).
Other Findings
In brain CT conducted after additional IA thrombolytic therapy, extravasation of the contrast media was the most frequent finding (17 cases, 27%). The initial neurologic status and end clinical outcomes according to laterality showed no statistical difference both in the MCAs and ICAs, respectively ( 2 test, P Ͼ .05). Decompressive craniectomy was performed in 6 patients in the tPA group and in 3 patients in non-tPA group; and in all cases, the clinical outcome was grave.
Discussion
Thrombolytic stroke therapy is based on the ischemic penumbra. 17, [25] [26] [27] According to the recanalization hypothesis, reopening of occluded vessels before critical cell injury might improve clinical outcome in acute ischemic stroke through regional reperfusion and salvage of threatened tissue. 1, 17, 18, 25, 28 Early vessel recanalization is linked powerfully to final clinical outcome in acute ischemic stroke. 28, 29 Even though IV-tPA is approved by the US Food and Drug Administration and the American Stroke Association has recommended this treatment as a standard in patients with stroke, the recanalization rate of IV-tPA therapy is questionable. 3 Indeed, the treatment has been criticized as being ineffective for patients with occlusion of large vessels such as the MCA and ICA and there are no recommended additional treatment guidelines for cases of nonrecanalization after IV-tPA. [3] [4] [5] 29 IA treatment permits an accurate diagnosis and can facilitate the application of a higher concentration of the thrombolytic agent in the vicinity of the clot followed by mechanical destruction of the clot. 7 In addition to these advantages of IA thrombolysis, the increased percentage of recanalization, which ranges from 45.5% to 94%, can extend the therapeutic time window by as much as 6 hours from the onset of acute ischemic stroke. 1, 3, 5, 8, [29] [30] [31] It has been suggested that recanalization might have a deleterious influence on the hemorrhagic conversion of the infarct, but analysis of pooled data failed to demonstrate an increased rate of hemorrhagic transformation in patients experiencing recanalization. 29, 32 In our study, extravasation of the contrast media was the most frequent finding, and increased incidence of extravasation correlated with increased incidence of significant ICH. Well-reviewed reports concerning the thrombolytic dose and agents have concluded that when more thrombolytics were used, more hemorrhagic complications occurred. 33 Symptomatic ICH occurred in 20.7% of the tPA group and 11.8% of the non-tPA group. However, in subgroup analysis, DWI/ PWI mismatch subgroups showed a symptomatic ICH of 8.5%, while it was 37.5% in the DWI/PWI match groups ( 2 test, P Ͻ .05). Moreover, the analysis of DWI/PWI mismatch subgroups showed that symptomatic ICH occurred in 17.4% of the tPA group but not in the non-tPA group ( 2 test, P Ͻ .05). From this study, we confirmed that a larger amount of thrombolytic agents results a greater incidence of symptomatic ICH. Although the symptomatic hemorrhagic rate in the tPA group was high compared with NINDS Trial results (6.4%), mortality was low (3.5% in the tPA group and 11.8% in the non-tPA group versus 17% in the NINDS Trial) and favorable outcome was high (34.5% in the tPA group and 44.1% in the non-tPA group versus 26% in the NINDS Trial). 2, 5, 8, 32, 34 However, the symptomatic hemorrhagic rate in the non-tPA group was similar to rates found in other IA thrombolysis trials. 8, 31 The guidelines of the American Stroke Association do not recommend combined IA and IV therapy, 4 but previous reports concerning acute coronary syndrome and acute cerebral ischemia point out some advantages of the combined therapy, which include significant reduction in the total amount of thrombolytic drug required, easy conversion to mechanical thrombolysis, and the safety of ReoPro in acute ischemic stroke, even with a full dosage for acute coronary syndrome. 5, 6, 30, [34] [35] [36] Some previous studies performed the combined IV/IA therapy in a prospective manner, evaluating IA therapy for acute stroke following IV-tPA administration. In these studies, IV-tPA doses were at the reduced level of 0.6 mg/kg and the remaining dose of tPA was administered via the arterial route. In the Emergency Management of Stroke Bridging Trial, 11 there were trends toward a higher ICH rate, higher mortality, and poorer clinical outcomes in the combined IV/IA therapy group. However, in Interventional Management of Stroke I and II, the combined IV/IA therapy results showed trends toward better clinical outcomes than the IV-tPA-treated group in the NINDS Trial. In our study, the combination of thrombolytics for the nonrecanalized patients after IV-tPA administration was effective in improving patient outcome. Even though the complication rate increased, the clinical outcome was beneficial.
In our study, the mortality rate was definitely lower than that in previous studies. Some authors thought that timely performance of surgical intervention for increased intracranial pressure critically decreased the mortality rate. 24 Conventional noncontrast CT remains the mainstay in the imaging of suspected acute stroke. 1, 12 However, MR imaging has emerged as an important tool for the identification of patients with cerebral ischemia. 1, 6, 14, 15, [18] [19] [20] [21] Methods for evaluating blood flow and tissue viability are increasingly required because therapeutic interventions may be tailored to the physiologic state of the individual tissue for the stratification of patients according to the potential risks of therapies. 1, 14, 17, 37 The usefulness of MR imaging has been enhanced with the combination of DWI and PWI to reveal cerebral infarctions and ischemia among patients with early acute ischemic strokes. During this acute period, abnormal PWI areas can be larger than the DWI areas. These PWI/DWI mismatches may represent tissue at risk for cerebral infarction unless blood flow is restored. 1, 14, 15, 17, 19, 20 It is not easy to calculate the accurate DWI/PWI mismatch rate. Standard perfusion images can be variable, and a standard image can be difficult to determine. 1, 22 Nonetheless, these techniques are feasible and applicable before therapy for patients with acute strokes, permitting immediate triage and avoiding potential risks of cerebral angiography and thrombolytic therapy. 5, 6, 16, 18, 37 In this study, the DWI/PWI match group had unacceptable clinical results. However, in the DWI/PWI mismatch group, recanalization rate, favorable clinical outcome, and significant hemorrhagic rate were similar to those found in a previous IA thrombolysis trial undertaken within 3 hours after symptom onset. 5 Our present comparison of the DWI/PWI mismatch tPA and non-tPA groups did not reveal statistically significant differences in favorable outcome, mortality, and significant hemorrhagic complication rate. In our study, the mismatch tPA group showed a higher incidence of favorable outcome (43.5%) than that in the NINDS Trial (39%). 2 This mismatch tPA patient group might have had an unfavorable outcome if these patients had not been treated with additional IA thrombolytic therapy. For patients who fail recanalization after IVtPA, IA thrombolysis can be attempted, especially in patients with DWI/PWI mismatch.
Our report has limitations, which include the lack of a control group, small sample size, and patient selection. Nevertheless, this report suggests that additional IA thrombolytic therapy for selected patients, such as those with MR imagingϪ evident DWI/PWI mismatch after IV-tPA or those not eligible for IV-tPA, improves the clinical outcome.
Conclusions
Patients with DWI/PWI mismatch on acute stroke MR imaging show a higher recanalization rate, better clinical outcome, and a lower hemorrhagic complication rate. Additional IA thrombolytic therapy after a full dose of IV-tPA, in the case of nonrecanalization, increases the favorable outcome rate and decreases mortality. Careful application of the additional IA thrombolytic therapy according to DWI/PWI mismatch may improve outcomes in patients at the end of treatment.
